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Masters and others. 1998.  The Nature Conservancy, Arlington, Virginia. 
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DamsDamsDamsDamsDamsDamsDamsDams
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SubSubSubSub----standardstandardstandardstandard

CulvertsCulvertsCulvertsCulverts

SubSubSubSub----standardstandardstandardstandard

CulvertsCulvertsCulvertsCulverts
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Fragmentation of River, Stream 

and Lake/Reservoir Ecosystems

Ties directly to key 
infrastructure 
issues:

• Abandoned and 
unsafe dams

• Poorly designed 
roads and trails

Direct implications for 

• Population structure 
and persistence

• Ecosystem structure 
and function
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Culvert ProblemsCulvert ProblemsCulvert ProblemsCulvert ProblemsCulvert ProblemsCulvert ProblemsCulvert ProblemsCulvert Problems

• Inlet or Outlet dropInlet or Outlet dropInlet or Outlet dropInlet or Outlet drop

• Physical barriersPhysical barriersPhysical barriersPhysical barriers

• Woody debris accumulationWoody debris accumulationWoody debris accumulationWoody debris accumulation

• Excessive velocitiesExcessive velocitiesExcessive velocitiesExcessive velocities

• Insufficient water depthInsufficient water depthInsufficient water depthInsufficient water depth

• Flow contraction (turbulence)Flow contraction (turbulence)Flow contraction (turbulence)Flow contraction (turbulence)

• Absence of bank edge areasAbsence of bank edge areasAbsence of bank edge areasAbsence of bank edge areas

• Discontinuity of channel substrateDiscontinuity of channel substrateDiscontinuity of channel substrateDiscontinuity of channel substrate

• Behavioral barriersBehavioral barriersBehavioral barriersBehavioral barriers

• Riparian fragmentationRiparian fragmentationRiparian fragmentationRiparian fragmentation
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Biological alteration of aquatic community from passage barriers

= Healthy Watersheds

that provide various
Ecosystem Goods 

and 
Services
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Predictive Models

Model A: Salmonidae

Model C: Percidae and Cottidae

Courtesy – Seth Coffman

Salmon and Trout

Minnow Species

Darters and Sculpin

Model B: Cyprinidae
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InterdependenciesInterdependencies

The occurrence of The occurrence of The occurrence of The occurrence of 

some species is some species is some species is some species is 

dependent on the dependent on the dependent on the dependent on the 

present of others. present of others. present of others. present of others. 

For example many For example many For example many For example many 

freshwater mussel freshwater mussel freshwater mussel freshwater mussel 

species are species are species are species are 

dependent on specific dependent on specific dependent on specific dependent on specific 

fish hosts to completefish hosts to completefish hosts to completefish hosts to complete

their lifecycles.their lifecycles.their lifecycles.their lifecycles.

Barry Wicklow

Robert Jenkins & Noel Burkhead



13

Importance of MovementImportance of MovementImportance of MovementImportance of MovementImportance of MovementImportance of MovementImportance of MovementImportance of Movement

• Daily movementsDaily movementsDaily movementsDaily movements

• Changes in habitat conditionsChanges in habitat conditionsChanges in habitat conditionsChanges in habitat conditions

• ReproductionReproductionReproductionReproduction

• Exploit vacant habitatExploit vacant habitatExploit vacant habitatExploit vacant habitat

• Population continuityPopulation continuityPopulation continuityPopulation continuity

• DispersalDispersalDispersalDispersal
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Impacts of Stream and Riparian CrossingsImpacts of Stream and Riparian CrossingsImpacts of Stream and Riparian CrossingsImpacts of Stream and Riparian CrossingsImpacts of Stream and Riparian CrossingsImpacts of Stream and Riparian CrossingsImpacts of Stream and Riparian CrossingsImpacts of Stream and Riparian Crossings

• Habitat loss and degradationHabitat loss and degradationHabitat loss and degradationHabitat loss and degradation

• RoadkillRoadkillRoadkillRoadkill leading to loss of leading to loss of leading to loss of leading to loss of 
populationspopulationspopulationspopulations

• Alteration of Ecological Alteration of Ecological Alteration of Ecological Alteration of Ecological 
Processes Processes Processes Processes 

• Reduced access to vital habitatsReduced access to vital habitatsReduced access to vital habitatsReduced access to vital habitats

• Population fragmentation & Population fragmentation & Population fragmentation & Population fragmentation & 
isolationisolationisolationisolation

• Disruption of processes that Disruption of processes that Disruption of processes that Disruption of processes that 
maintain regional populationsmaintain regional populationsmaintain regional populationsmaintain regional populations
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Reduced Access to Vital Reduced Access to Vital Reduced Access to Vital Reduced Access to Vital 

HabitatsHabitatsHabitatsHabitats

Reduced Access to Vital Reduced Access to Vital Reduced Access to Vital Reduced Access to Vital 

HabitatsHabitatsHabitatsHabitats

• Spawning habitatSpawning habitatSpawning habitatSpawning habitat

• Nursery habitatNursery habitatNursery habitatNursery habitat

• Foraging areasForaging areasForaging areasForaging areas

• Deep water refugesDeep water refugesDeep water refugesDeep water refuges

• Seasonal habitatsSeasonal habitatsSeasonal habitatsSeasonal habitats
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Population Fragmentation and Population Fragmentation and Population Fragmentation and Population Fragmentation and 

IsolationIsolationIsolationIsolation

Population Fragmentation and Population Fragmentation and Population Fragmentation and Population Fragmentation and 

IsolationIsolationIsolationIsolation

• Barriers to movement Barriers to movement Barriers to movement Barriers to movement 
subdivide or isolate subdivide or isolate subdivide or isolate subdivide or isolate 
populationspopulationspopulationspopulations

• Smaller and more isolated Smaller and more isolated Smaller and more isolated Smaller and more isolated 
populations are more populations are more populations are more populations are more 
vulnerable to:vulnerable to:vulnerable to:vulnerable to:

– extinction due to chance extinction due to chance extinction due to chance extinction due to chance 
eventseventseventsevents

– genetic changesgenetic changesgenetic changesgenetic changes
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AmphiumaAmphiumaAmphiumaAmphiumaAmphiumaAmphiumaAmphiumaAmphiuma

MudpuppyMudpuppyMudpuppyMudpuppyMudpuppyMudpuppyMudpuppyMudpuppy

HellbenderHellbenderHellbenderHellbenderHellbenderHellbenderHellbenderHellbender

©1996 Brad Moon

©2000 John White

CopeCopeCopeCope’’’’s Giant Salamanders Giant Salamanders Giant Salamanders Giant SalamanderCopeCopeCopeCope’’’’s Giant Salamanders Giant Salamanders Giant Salamanders Giant Salamander

© Brad Moon

Alan Richmond
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SoftshellSoftshellSoftshellSoftshell turtlesturtlesturtlesturtlesSoftshellSoftshellSoftshellSoftshell turtlesturtlesturtlesturtles

Musk turtlesMusk turtles

Scott Jackson

Howard Whidden
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CrayfishCrayfishCrayfishCrayfishCrayfishCrayfishCrayfishCrayfish

AmphipodsAmphipodsAmphipodsAmphipodsAmphipodsAmphipodsAmphipodsAmphipods
IsopodsIsopodsIsopodsIsopodsIsopodsIsopodsIsopodsIsopods

WormsWormsWormsWormsWormsWormsWormsWorms

MusselsMusselsMusselsMusselsMusselsMusselsMusselsMussels

Douglas Smith

Micrographia

Micrographia

Radu Guiasu
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Importance of Small StreamsImportance of Small StreamsImportance of Small StreamsImportance of Small StreamsImportance of Small StreamsImportance of Small StreamsImportance of Small StreamsImportance of Small Streams

• Make up a large percentage of Make up a large percentage of Make up a large percentage of Make up a large percentage of 

stream milesstream milesstream milesstream miles

• Cumulatively provide more habitat Cumulatively provide more habitat Cumulatively provide more habitat Cumulatively provide more habitat 

than large riversthan large riversthan large riversthan large rivers

• Support species not found in larger Support species not found in larger Support species not found in larger Support species not found in larger 

streams and riversstreams and riversstreams and riversstreams and rivers

• Provide important spawning & Provide important spawning & Provide important spawning & Provide important spawning & 

nursery habitat for fishnursery habitat for fishnursery habitat for fishnursery habitat for fish
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MinkMink
Dusky salamanderDusky salamander

Idaho Giant SalamanderIdaho Giant Salamander

Wood turtleWood turtle

Snapping turtleSnapping turtle

Star-nosed moleStar-nosed mole

OtterOtter

Beaver

MuskratMuskrat
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Expanded BridgesExpanded BridgesExpanded BridgesExpanded Bridges

Provide Provide Provide Provide ““““opennessopennessopennessopenness””””

Expanded BridgesExpanded BridgesExpanded BridgesExpanded Bridges

Provide Provide Provide Provide ““““opennessopennessopennessopenness””””
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Source: 

MA Riverways
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Aldo Leopold, 1953:Aldo Leopold, 1953:Aldo Leopold, 1953:Aldo Leopold, 1953:Aldo Leopold, 1953:Aldo Leopold, 1953:Aldo Leopold, 1953:Aldo Leopold, 1953:

““““If the biota, in the If the biota, in the If the biota, in the If the biota, in the 

course of eons, has course of eons, has course of eons, has course of eons, has 

built something we built something we built something we built something we 

like but do not like but do not like but do not like but do not 

understand, then understand, then understand, then understand, then 

who but a fool would who but a fool would who but a fool would who but a fool would 

discard seemingly discard seemingly discard seemingly discard seemingly 

useless parts? To useless parts? To useless parts? To useless parts? To 

keep every cog and keep every cog and keep every cog and keep every cog and 

wheel is the first wheel is the first wheel is the first wheel is the first 

precaution of precaution of precaution of precaution of 

intelligent tinkering.intelligent tinkering.intelligent tinkering.intelligent tinkering.””””



40


